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1
Introduction
The throughput estimation metric was already discussed during Rel-12 as part of LTE-WLAN interworking WID (see e.g. R2-140778, R2-141215, R2-142731), and was also discussed during Rel-13 LWA work (see e.g. R2-156876, R2-161486). Most recently, there have been some contributions proposing that to be included as part of Rel-14 eLWA, see R2-165423, R2-165705 and R2-165477.
During RAN2#95bis, the throughput estimation was also discussed as a metric that allows estimating WLAN throughput before the actual LWA configuration. RAN2 agreed to consider the metric but also sent an LS to IEEE to understand the accuracy requirements. IEEE has not sent a reply back, which can be found in Tdoc R2-1700673.
In this contribution, we discuss how to capture the throughput estimation metric as part of WLAN measurements reported by UE.
2
IEEE LS on throughput estimation 
In IEEE reply LS R2-1700673 to RAN2 concerning the throughput estimation, it is stated that the metric itself was designed to be used by “external entities” for traffic steering decisions, which is the use case also here with LWA: 
The Estimated Throughput metric was introduced in IEEE 802.11-2016 [2] with the intent to allow external entities to make better quality traffic steering decisions and network selection decisions by being able to predict the throughput that might be obtained through a link with an 802.11 STA [3].

Further, the LS verifies that the metric can be used both before and after UE has associated to WLAN AP:

Since Beacon frames are transmitted at a constant cadence by APs, and Probe Request/Response frames can be transmitted both pre-association and post-association, in principle the Estimated Throughput metric can be applied to both the pre-activation and post-activation phases of LWA.

Finally, IEEE acknowledges no formal (i.e. 3GPP-style) accuracy requirements are defined for the throughput estimation, but would welcome 3GPP input on such matters:

The IEEE 802.11 standard does not currently specify the accuracy of the Estimated Throughput metric or its variation across different implementations. We welcome any clarifications on RAN2’s requirements for WLAN metrics. 

Based on these, we would note the following:
Observation 1: Since no formal accuracy requirements exist for throughput estimation, there may be variance among different devices in reported values even with the same radio conditions. 

Observation 2: There may also be variance in radio performance of different WLAN devices even with the same radio conditions.

Observation 3: Having a throughput estimate for WLAN before initial LWA setup provides an indication of whether the UE estimates WLAN throughput to be “good” or “not so good”, which the eNB can use for decision on whether to configure LWA.
Proposal 1: Adopt the throughput estimation for WLAN as a metric that UE can report over RRC.

3
Specifying the WLAN estimated throughput 
3.1
WLAN throughput estimation reporting
In IEEE specification (802.11-REVmcTM/D8.0), the throughput estimation is defined as a metric that can be requested for both UL and DL per access class. Since Rel-14 LWA also allows aggregation in both UL and DL, the same metric could be reported for both links.
Observation 4: Throughput estimation can be useful to decide on aggregation on both UL and DL for each WLAN access class.
The IE defining the Rel-13 WLAN measurement results is also extendible, which means it is a simple matter to define the new metric in existing measurement reports: The eNB just needs to indicate whether throughput estimate is requested, and UE shall fill it in the existing measurement reporting structure.

Proposal 2: Implement the throughput estimation for UL and DL per access class as part of all WLAN measurement events.

Finally, the matter of what the UE shall actually report is unclear: In IEEE specification, the reported number is a real number without any further encoding, but for 3GPP specifications we would like to define it in clear terms. One simple way would be to simply use powers of 2 in granularity, i.e. 0 Mbps, 1 Mbps, 2 Mbps, 4 Mbps,…, 16384 Mbps (i.e. 2^(15-1) Mbps) to have a straightforward coding, but the downside is that the lower values tend not to be that useful. A mix of lower values (for cases when the channel conditions do not allow maximal throughput) together with higher values (for cases when the channel is practically empty) would be necessary. To that end, we show one possible mapping in Table 1 below. Additionally, the estimated value could be missing, which would be interpreted so that no estimate was obtained (for any reason). 
	ASN.1-encoded value
	Estimated throughput (Mbps, UE rounds to closest applicable value)

	0
	0

	1
	10

	2
	20

	3
	30

	4
	40

	5
	50

	6
	100

	7
	300

	8
	450

	9
	600

	10
	1000

	11
	2000

	12
	5000

	13
	10000

	14
	20000

	15
	50000


Table 1. Proposed encoding for reported WLAN estimated throughput

Proposal 3: RAN2 to adopt reporting of WLAN estimated throughput shown in Table 1.
3.2
Capability for throughput estimation reporting
Since the throughput estimation reporting relies on a certain WLAN specification version, it seems natural that not all UEs may support reporting it. Therefore, a UE capability bit could be required – however, this seems like a matter of taste: The UE could simply always report the estimated throughput when it’s available and instructed to do so by eNB. But to provide testability and avoid eNB configuring UE to report something that is not supported (which we normally try to avoid in RRC), the capability could be introduced.
Proposal 4: RAN2 to define a UE capability that indicates whether UE supports reporting the WLAN estimated throughput in measurement report.

2.3
Measurement definition in 36.214
Just as with WLAN RSSI, the throughput estimation definition comes from the IEEE specification, but since it is used and reported in LTE, its definition should be captured in LTE specification TS36.214. This requires LS to RAN1, but taking the example from WLAN RSSI, it makes sense to refer to IEEE specifications as much as possible. The metric could also be applicable for both RRC_IDLE and RRC_CONNECTED, since the UE is able to do the measurement in both modes. Hence, we propose the following as definition for the WLAN estimate throughput:

	5.1.X
IEEE 802.11 WLAN Estimated Throughput

Definition

The IEEE 802.11 WLAN Estimated Throughput as used in RRC specification [7] refers to MLME-ESTIMATED-THROUGHPUT as defined in IEEE 802.11 specification [15].

Applicable for

RRC_CONNECTED/RRC_IDLE inter-RAT.




If the metric is agreed, RAN1 should be informed with this proposal to be captured in TS36.214.

Proposal 5: Send LS to RAN1 with proposal for the definition of WLAN estimated throughput to be adopted in TS36.214.

4
Conclusions 

We have discussed the use of throughput estimation over WLAN, and observed the following
Observation 1: Since no formal accuracy requirements exist for throughput estimation, there may be variance among different devices in reported values even with the same radio conditions. 

Observation 2: There may also be variance in radio performance of different WLAN devices even with the same radio conditions.

Observation 3: Having a throughput estimate for WLAN before initial LWA setup provides an indication of whether the UE estimates WLAN throughput to be “good” or “not so good”, which the eNB can use for decision on whether to configure LWA.

Observation 4: Throughput estimation can be useful to decide on aggregation on both UL and DL for each WLAN access class.

Based on this, we propose to consider throughput estimation over WLAN as a feedback enhancement of LWA.
Proposal 1: Adopt the throughput estimation for WLAN as a metric that UE can report over RRC.

Proposal 2: Implement the throughput estimation for UL and DL per access class as part of all WLAN measurement events.

Proposal 3: RAN2 to adopt reporting of WLAN estimated throughput shown in Table 1.

Proposal 4: RAN2 to define a UE capability that indicates whether UE supports reporting the WLAN estimated throughput in measurement report.

Proposal 5: Send LS to RAN1 with proposal for the definition of WLAN estimated throughput to be adopted in TS36.214.

The CRs in R2-1701401 (to TS36.331) and R2-1701402 (to TS36.306) illustrate how the changes (including a capability indication) could be incorporated in specification.
Annex: Throughput estimation formula
This annex contains an excerpt the 802.11-REVmcTM/D8.0 to illustrate how the estimated throughput is specified in IEEE specifications.
	6.3.103 Estimated Throughput (ESTT)

6.3.103.1 General

The following set of MLME primitives support the transport of an estimate of the achievable throughput for

a potential or an existing link between two STAs.

6.3.103.2 MLME-ESTIMATED-THROUGHPUT.request

6.3.103.2.1 Function

This primitive is generated by the SME to request that the MLME provide an estimated throughput for a

potential or existing association.

6.3.103.2.2 Semantics of the service primitive

The primitive parameters are as follows:

MLME-ESTIMATED-THROUGHPUT.request (

PeerSTAAddress,

AverageMSDUSizeOutbound,

AverageMSDUSizeInbound

)

Name 
Type 
Valid range 
Description
PeerSTAAddress 
MAC Address
Any valid individual MAC address
Specifies the MAC address of the STA for which throughput is to be estimated assuming an association to that STA if an association with that STA does not currently exist.
AverageMSDUSizeI

nbound
An ordered set of integers
–1 to 7920, for each member of the set
A set of integers providing an estimate of the average number of octets per MSDU expected to be delivered to the wireless medium to this STA by the STA corresponding to the PeerMACAddress to this STA, specified per access category in the order AC_VO, AC_VI, AC_BE, AC_BK. A value of –1 means that the size is unspecified, a value of 0 means that no MSDUs are expected to be delivered for this access category.

AverageMSDUSizeOutbound
An ordered set of integers
–1 to 7920, for each member of the set
A set of integers providing an estimate of the average number of octets per MSDU expected to be delivered to the wireless medium by this STA to the STA corresponding to the PeerMACAddress, specified per access category in the order AC_VO, AC_VI, AC_BE, AC_BK. A value of –1 means that the size is unspecified, a value of 0 means that no MSDUs are expected to be delivered for this access category.

6.3.103.2.3 When generated

This primitive is generated by the SME to request that the MLME provide an estimate of throughput for

MSDUs sent between this STA and the STA which corresponds to the PeerMACAddress provided in the

parameter list.

6.3.103.2.4 Effect of receipt

On receipt of this primitive, the MLME generates a set of estimates of throughput for MSDUs sent between

the STA which corresponds to the PeerMACAddress provided in the parameter list and this STA.

6.3.103.3 MLME-ESTIMATED-THROUGHPUT.confirm

6.3.103.3.1 Function

This primitive reports the result of a request to provide a set of estimated throughput values for a potential or

existing link.

6.3.103.3.2 Semantics of the service primitive

The primitive uses the following parameters:

MLME-ESTIMATED-THROUGHPUT.confirm (

PeerSTAAddress,

EstimatedThroughputOutbound,

EstimatedThroughputInbound

)

Name 
Type 
Valid range 
Description
PeerSTAAddress 
MAC Address
Any valid individual MAC address
Specifies the MAC address of the STA for which throughput is to be estimated assuming an association to that STA if an association with that STA does not currently exist.
EstimatedThrough

putOutbound
An ordered set of Real Numbers
Non-negative real numbers
The estimated throughput in the direction from the STA corresponding to the PeerMACAddress to this STA with units of MSDU bits per second, specified per access category in the order AC_VO, AC_VI, AC_BE, AC_BK. A value of 0 means no estimate is available.

EstimatedThrough

putInbound
An ordered set of Real Numbers
Non-negative real numbers
The estimated throughput in the direction from this STA to the STA corresponding to the PeerMACAddress with units of MSDU bits per second, specified per access category in the order AC_VO, AC_VI, AC_BE, AC_BK. A value of 0 means no estimate is available.

6.3.103.3.3 When generated

This primitive is generated by the MLME to provide a set of estimates of throughput for MSDUs sent

between the STA which corresponds to the PeerMACAddress indicated in the parameter list and this STA.

6.3.103.3.4 Effect of receipt

On receipt of this primitive, the SME may use the reported estimates to make link, association and

forwarding decisions.
R.7 Calculating Estimated Throughput

In response to the receipt of MLME-ESTIMATED-THROUGHPUT.request, ESP STAs can determine

values for EstimatedThroughputInbound and EstimatedThroughputOutbound for each AC of a current or

potential link to another STA using Equation (R-1):
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where

EstimatedThroughput is in bits/second

PPDUDur is the expected duration of a single PPDU, in seconds

ESTAirtimeFraction is dimensionless. It is the estimated portion of airtime that is available for outbound transmissions for this link as indicated in the Estimated Service Parameters element received from the STA with the MAC address that matches the PeerMACAddress in the MLME-ESTIMATED-THROUGHPUT.request primitive

min(x,y) is the minimum of x and y

max(x,y) is the maximum of x and y

MPDUpPPDU = min(BA_WIN_Size, max(1,MPDU_pA_MPDU))

BA_WIN_Size = min(BA_WIN_SizeTX,BA_WIN_SizeRX)

BA_WIN_SizeTX is the expected block ack window size of the transmitter of the PPDUs containing MPDUs with the Type field equal to Data

BA_WIN_SizeRX is the expected block ack window size of the receiver of the PPDUs containing MPDUs with the Type field equal to Data[image: image2.png]MPDU p4 MPDU = min( PPDURT [__PPDUR x DataRate ),
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MPDU_pA_MPDU is dimensionless

PPDUR = DPDUR – PHDUR

PPDUR is the PPDU payload duration, in seconds

DPDUR is the Data PPDU duration target of the transmitter of the PPDUs containing MPDUs with the Type subfield equal to Data, in seconds

PHDUR is the PHY header duration, estimated based on the expected PPDU format of the PPDUs containing MPDUs with the Type subfield equal to Data, in seconds

MPDUSS is the minimum MPDU start spacing of the receiver of the PPDUs containing MPDUs with the Type subfield equal to Data, in seconds

MACHdr is the number of octets of MAC header information for an A-MSDU

A_MSDU_B = min(A_MSDU_BTX, A_MSDU_BRX)

A_MSDU_BTX is the maximum A-MSDU size of the transmitter of the PPDUs containing MPDUs with the Type subfield equal to Data, in octets

A_MSDU_BRX is the maximum A-MSDU size of the receiver of the PPDUs containing MPDUs with the Type subfield equal to Data, in octets
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DSYMDUR is the duration of one PPDU payload symbol for the expected PHY format of the PPDUs containing MPDUs with the Type subfield equal to Data, in seconds. If multiple symbol durations are possible, then the shortest symbol duration is assumed

DataRate is calculated using equation Equation (R-2), in b/s
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Where
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RSSI is the RSSI of Beacon or Probe Response frames received from the STA with the MAC address that matches the PeerMACAddress in the MLME-ESTIMATEDTHROUGHPUT.request primitive, in dBm

P_adjust is the implementation specific power adjustment parameter used to convert RSSI into SNR, as well as take into account potential transmit power differences between Beacon/Probe Response frames to data frames, in dBm.

NSS_max is the maximum number of spatial streams allowed in the link based on the capabilities of the two STAs

Ntone is N_SD × N_Seg if the expected PPDU format is VHT, and N_SD otherwise, where N_SD is defined as number of subcarriers in Table 17-16 (Major parameters of the OFDM PHY) for non-HT format, NSD in Table 19-6 (Timing-related constants) for HT format and NSD in Table 21-5 (Timing-related constants) for VHT format. If multiple PPDU bandwidths are available, the N_SD of the widest possible PPDU bandwidth allowed between the two STAs based on capabilities is assumed.
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Note that some of the parameters of Equation (R-2) have values that are AC dependent.



